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DEVELOPHENT OF AW IMPINGING-JET FUEL-INJECTION VALVE NOZZLE
By J. A. Spanogle.and G. T. Hemmeter
Sﬁmmér&
During an. investigation. to determine the possibilities and

limitations of a two-stroke-cycle engine with fuel injection
and spark ignition, it was necessary to develop a fuel-injection
valve nozzle to produce a disk-shaped, well-dispersed spray. '
Preliminary tests .showed that two smooth jets impinging upon .
each other at an angle of 74 degrees gave a spray with- the de--
sired characteristics. Nozzles were built on this basis and,
when used. in fuel-injection valves, produced a spray that ful-
filled the original requirements. The spray is so well dis- .
persed that.i1t can be carried along with an air stream of com-
raratively low velocity or entrained with the fuel jet from a
round-hole orifice. This characteristic of the spray from an
impinging-jet nozzle limits its application to situations where
wide dispersion is required by the conditicns in the engine cyl-

inder and the combustion chamber.
Introduction

The staff of the National Advisory Committee for Aeronautics
at the Langley Memorlal Aeronautical Laboratory has undertaken

the investigation of the possibilities and limitations of the
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two—-stroke~cycle high-~speed fﬁel—injection engine as a means for
increasing the power per unit of displacement obtainable from an

engine sulted to aircraft use. For this investigation it was

desirable to have an engine capable of covering a wide range of I

experimental conditions. This requirement made the design of
the fuel-injection valve and nozzle, as well as other accessory
parts for this engine, a rather difficult problem.

" The cylinder for this engine had been decided upon before
the design of the fuel-injection valve was started and had four
holes: that could be used for the fuel-injection valve or valves.
These holes were in pairs diametrically opposed; one hole of the
first pair in either side of the combustion chamber and the other
pair similarly arranged in the o&linder wall just above the air-
admission ports so that the fuel could be injected into the air
stream as it entered the cylinder. As this air flow could be
controlled to be either radial or tangential to the cylinder,
the spray had to be nearly circular in shape, perpendicular to
the axis of the cylinder, and, at the same time, well dispersed.
For the radial flow with injection into the combustion chamber,
the residual air flow is negligible and the movement of the oil
must be depended upon for proper distribution. For tangential
flow the residual velocity in the combustion chamber is low and
therefore the spray must'be well dispersed to obtain proper dis-
tributioﬁ. For either type of air flow, with injection through

the lower cylinder wall holes, the spray must be well dispersed
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to follow this air flow and produce a proper nixture of fuel and
air (internal carburetion). '

The dispersion requirement seemed most important and imping-
ing jets offered the simplest means of obtaining this dispersion.
A preliminary test apparatus was assembled to determine the re-
quiremgpts of a fuel-injection valve nozzle bulilt on the imping-

ing-jet principle.
Preliminary Nozzle Investigation

The apparatus shown in the photograph (Fig. 1) was used to
determine experimentally the factors affecting the physical char-
acteristics of the spray from impinging jets. Two nozzles were
mounted in an adjustable holder which made it possible to vary
the angle of. impingement and the distance between the nozzles as
well as %o adjust the axes of the jets to cross exactly. These
nozzles were supplied with filtered liguid through a regulating
valve by which the discharge pressure could be controlled. The
flow paths to the nozzle were kept as nearly similar as possible.
Water was used as the fluid in the preliminary tests and could be
supplied either directly from the Laboratory mains at pressures
up to 60 pounds per square inch or obtained from a high—preésure
reservoir which allowed continuous operation of the jets for ap-
proximately 3 minutes. The pressure in this reservoir was ob-

tained by means of an air bottle.
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The first,nqzzle tested (a and b in Fig. 3) had straight,
long, round—holé orifices which did not give gufficiently smooth
jets and which, in spite of care taken in their manufacture, did

| no{ give similar jets. The test_with these nozzles indioated.
that it was Very necessary to have the jets of the same size at

_ the.ppint of impingement or omne jet would pass through the other
without either forming a disk or dispersing the jets.._ .

To obtain smooth, stable flow from the nozzles it was de-
cided to make neW'ﬁozzles with a coﬁverging entrance, a short
'cylindrical pprﬁiop, and a rounded exit as shown in Figure 2Zc.
The angle of the converging entrance is 23-1/3 degrees merely
because. that shgpe;;eamer was available. The length and the

{diameter of the ¢ylindrical portion are equal. Although the

( rounded edge is necessary at the exit its radius is known %o be
relatively unimportant. These nozzles gave jets which were en;
Ctirvely satisfaatary as. to éize, type of flow, and directional _
gtability over the entire range of pressures usad.

Adjustment of the nozzle for proper impingement was accom—
plished by first gligning the jets at low fluld pressures. It
the liquid disgk formed at the point of impingement qf the two

- 8olid jets was perpendicular to the plane deternined by the B
axes .of the nozzles, the impingement would be s&tisfac%p:y.aﬁ . LT
higher pressures and result in a well—dispersed spray. The
nearer the nozzles were to each other the easier it was to.ob- .

tain this adjustment.



N.A.C.A. Technical Note No. 3723 5

It was found that the angles between 723 degrees and 76
degrees gave a spray pattern which was so nearly circular that
an angle of 74 degrees between the orifice axes was adopted as]
the most desirable. Satisfactory atomization and dispersion
were obtained at pressures above 150 pounds per square inch.
With the same orifices acting singly (nonimpingement) and with
otherwise identical injection conditions, no atomization and
little dispersion were observed at these low pressures..

After the tests with water, the nozzle apparatus was con-
nected to a fuel-injection pump and Diesel oil was used to see
1f there was any change in the characiteristics of the spray.

As no change was observed the nozzle was designed on this basis.
During these tests the spray was lighted and it oontinued To

burn with injections into the atmosphere at the rate of 750 per
minute. The flame was a brilliant yellow with but little smoke.

As a result of these investigations a nozzle was designed
ags shown in Pigure 3d. This nozzle had two orifices Which were
similar in section to those used in the preliminary tests and
were inclined at an angle of 74 degrees to each other. The }
point of impingement was kept as close as practicable to the .
nozzle exit so that more exact impingement might be obt&ined,;
and this also decreased the probability of the solid jets
breaking up before impingement. The latter feature was found
to be very necessary, because if the jets broke up before im-
pingement, one spray would pierce the other without giving the

desired atomization and dispersion.
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Valve Design 7_ o . i

After determining the design -of the nozzle (Fig. 2d) it was
-neceséary-to deéign a suitable valve aé ghown in Figure 3. This
valve has & large flat seat to reduce the stem movement necessary
for the'raﬁid”admissién of the fuel, but has a disadvantage in o
that the pathlof“the’oil after passing the'seat'changes direction
too often.” "This valve has given satisfactory mechanical operation
with the exception of a slight dribbling after cut—off; some ero-
sion of the geat oeccurred which was normal and to be expected.

To reduce the volume of oil between the seat and the outlét
“to the nozzle and also to eliminate one changé of direction of
the oil path, another valve (Fig. 4) was designed with-a hollow
‘stem. Thieg valve had also given satisfactory mechanical opera~
"tion wi%h'iésé'dribblé,'although it, too, is subject to erosion
of the seats. - ' ' =

A third valve was built (Fig. 5) which was simpler to
construct, because of the substitution of a spring-loaded poppet
valve'for"théilappéd stem, - - ;"

‘Thie design was intended for use in internal-carburetion
work'wﬁeré*sharbﬁeés“of’start-and cut-off is not nearly so im-

portant as whed the injection is dircctly into the combustion

o~

chamber.”
The dribble after cut-off may be due to the comparatively

large volume of 0il between the valve and the orifice exits. -
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Further design will be necessary to effect a reduction in this
volume and thus diminish dribbling. At present the work is di-
rected toward maximum power rather than toward fuel econony so

that this dribble is relatively uninportant.
Test Results

Visual‘observation, when injecting into the atmosphere, and
spray photographs taken with the N.A.C.A. spray photographic ap-
paratus indicate that the spray is finely atomized and well dis-
persed. The spray photographs (Figs. 6a and 6b) show a more uni-
form dispersion than has been obtained with a multiple-jet nozzle
having numerous small orifices. The uniform density of the pho-
tographed spray is a fine indication of good dispersion. The
spray penetration curves of Figure 7 show the spray to be of
comparatively low velocity and to be considerably affected by
ohénges in chamber.pressure. As these curves are developed from
the extreme outer portion of the spray pattern they show that
the spray should approximately fit the combustion chamber of the
cylinder (4-5/8-inch bore) for which it was designed and that
the additional.penetration under lower alir pressures when in-
jecting into the air streanm will be taken up by the travel of
the spray with the air stream, thereby reducing the probability
of washing the cylinder walls with fuel and impairing the lu-

brication.
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Coefficient~of-discharge tests of the impinging-jet nozzle
ghow that the shépe of thé'flow ﬁassgges’ﬁllewé,this nozzle to
have a higher cocfficient of discharge than othef nozzles de-
signed to give an equal degrec of dispersion. The energy im-
parted to the oil by the pump is conserved and not dissipated
Ain friction.

A cpmbiﬁation.noézle fér_the N.A.C.A. No. 4 cylinder head
was designed so that twolmaiﬁ sprays would provide for the air
in the throat and the clearance of the éylinder head, and two
impinging jeté:were.provided to give the spray distribution be-
tween the valve heads (Fig. 8). The spacé,limitation of the
nozzle made it necessary for the four orifices ,to be located
close together. The spray for the impinging jets was so well
dispersed that it was entrained wifh the spray from the main
Jets and carried along with i1t as shown in Figures 9a and 9b.

Although the sﬁray from the inpinging-jet nozzle was not
suited for the combustion chamber of any other test engine now
being tested at.the N.A.C,A. Laboratory; an indication of the
distribution and nixing of the combustion air was obtaiﬁed by
running some_of these engines wifh this nozzle. As expected,
the result was a much higher rate of pressure rise than that

with nozzles having round-hole orifices.
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Conclusions

Althouzh only a few of these nozzles have been built, there
has been no difficulty in making them within the necessary tol-
erance to insure proper iuwpingement. The formation of the lig-
uid disk at the proper angle under low pressures as noted with
the preliminary apparatus is a sufficient indication that the
operation of a nozzle of this type will be satisfactory. The
impinging—jet nozzle is simpler fto construct and has é higher
coefficient of discharge than any other means used at this
laboratory for obtaining comparable dispersion.

The impinging-jet nozzle gives an apparently well-atomized
spray with good dispersion over the entire spray pattern. This
spray has a low velocity and, therefore, a snall total pene-
tration, but its wide dispersion allows it to be carried along
with air flowing at comparatively low velocities. This spray
should not be used unless other conditions in the cylinder and
combustion chamber are conducive to its proper utilization.
Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,
Langley Field, Va., March 30, 1931.
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FIG. 1

APPARATUS FOR PRELIMINARY INVESTIGATION OF IMPINGING-JETS
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Injection valves used with impinging-jet nozzles.
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Fig. 8b View through s:uay.
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Combustion chamber of

the N.A.C.A. cylinder head
No. 4 showing predicted
spray formation.
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Fig. 8 Combination nozzle.



S¥2LLS

-V.DI.V-N

*ON 83ON TBoTUl0s]

g 1 roonalges oo - .
Fig. 9a View through soray. Injection preseure 3500 oounds per squere lnch.
Cherber pregsure 200 pounds per square inch.

gig

!
- & ; Ta IS T '
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Fig. 9 Spray photographs with combination nozzle. _ W




